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Abstract 

In phylogenetic analysis, direction of ingroup evolution depends on outgroup, therefore, the determination 

of correct outgroup is very critical. In the current study, effect of different outgroups on tree topology within 

Solanaceae was examined using Bayesian analysis. Different outgroups were selected from closely related 

families of Solanaceae (Convolvulaceae, Hydrolaceae and Montiniaceae), distantly related families 

(Acantaceae, Scrophularaceae and Boraginaceae) and more distantly related group (Gymnospermic 

families; Cycadaceae and Pinaceae). Single taxa from each family, multiple taxa from a single genus and 

multiple taxa from different genera of the same sister family were selected to evaluate their resolving power. 

The single taxa of a genus belong to Convolvulaceae produced more consistent result as compared to the 

multiple taxa of the single genus. In addition, single taxa produced similar tree topology as produced by 

multiple taxa of different genera. Among single taxa, Evolvulus pilosus, observed to be the best outgroup 

because it resolved the associations between genus, tribes, and subfamilies within Solanaceae followed by 

Humbertiama dagascariensis. The lineages established by the successful outgroups suggest the 

evolutionary pattern within Solanaceae is Cestroideae to Petunoideae to Solanoideae. Distantly related 

outgroup was unable to resolved the tree topology. It may be suggested that for lower level taxonomical 

relationships of Solanaceae, Evolvulus pilosus could be used as outgroup to infer true associations.  
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Introduction 

Molecular phylogenetic infers the hypothesis of 

evolutionary relationships in the organisms or 

group of organisms by means of phylogenetic 

tree. The topology of the tree, which is based on 

hypothesis of relationships, is effected by several 

assumptions and factors including sample size, 

selection of coding or noncoding region of the 

genome, sequence length of the selected region, 

alignment methodology, optimality criterion, 

treatment of data, parameter values and 

assumptions of each phylogenetic inference 

methods [1-4]. Selection of outgroup is among 

those explicit and implicit factors that affects the 

topology of the phylogenetic tree. However, there 

is no extensive research presented on its use in the 

reconstruction of the phylogenetic tree. It usually 

been selected randomly or on the basis of vague 

relationships between in group and outgroup taxa 

[1, 3, 5-8].  An out group is used to root the 

unrooted cluster.  It infers the theoretical 

ancestral origin and provides the array of time of 

all subsequently evolutionary events led to 

diverging the sequence, because the root of a tree 

is first or deepest split [1, 5-9]. An out group is 

necessary for phylogenetic analysis to understand 

the evolution of the group under study (ingroup). 

As the direction of ingroup evolution depends on 
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the out group, therefore, the selection of correct 

outgroup is very critical. An incorrect outgroup 

may mislead the inference of hypothetical 

taxonomic relationships and character evolution. 

Therefore, in any phylogenetic analysis the 

determination of correct root location with 

accuracy is very important. Incorrectly rotted tree 

may provide erroneous in phylogenetic signals 

that may lead to the “random outgroup effect” 

and Long Branch Attraction (LBA). To avoid 

such errors, outgroup should be from outside the 

ingroup but closely related to the group of study. 

Usually sister group of the ingroup is preferably 

chosen as outgroup. Moreover, outgroup contains 

multiple taxa has been given more consideration 

because of better inference [2, 3, 6-13]. However, 

it is not always necessary that the closely related 

sister taxa provide correct hypothesis of 

phylogenetic signals especially in case of the 

relatively high evolutionary rate or if the only 

single taxon, as outgroup, is present in the sister 

group [1, 5, 8].   

In the present work, effort was made to study the 

possible effects of different outgroups to infer the 

subfamilial relationships in Solanaceae.  

Materials and methods 

Ingroup plant material 

Plant samples for ingroup were collected from 

different areas of Karachi during their flowering 

season and identified with the help of key 

characters present in flora of Pakistan [14] and 

other floras [15, 16]. Herbarium sheets of the 

identified species were prepared and submitted to 

Karachi University Herbarium. Their names, 

locations, voucher number and GenBank 

accession numbers are given in (Table 1).  

Outgroup selection 

Most of the outgroup species sequences were 

retrieved from GenBank. Outgroup was selected 

as closely related, distantly related and more 

distantly related members with respect to 

Solanaceae. An outgroup Schizantus pinnatus 

was also selected randomly from the ingroup 

(Solanaceae, subfamily Schizanthoideae). 

Different members from sister families of 

Solanaceae (Convolvulaceae, Hydrolaceae, 

Montineaceae) were chosen as outgroup. 

Different species of same genera were also 

checked for their potency to be selected as 

outgroup. Taxa from distantly related families 

like Acantaceae, Scrophularaceae and 

Boraginaceae were also tested. More distantly 

related taxa belong to Gymnosperm; Cycas 

revoluta (Cycadaceae) and Pinus gerardiana 

(Pinaceae) were also checked for their resolution 

power in Solanaceae phylogenetic tree. Multiple 

taxa that belong to same and different genera 

were also taken into consideration to reconstruct 

the phylogeny of Solanaceae. A list of selected 

outgroup species with their classification and 

accession numbers is given in (Table 2) while 

their sequence length and GC content is 

mentioned in (Table 3).  

DNA extraction and PCR 

 A modified Cetyl trimethyl ammonium bromide 

(CTAB) method [17] was used to extract the total 

genomic DNA from the fresh leave samples. By 

using primer3 software version 0.4.0 [18] family 

specific primers were designed for the coding 

region (rbcL) of chloroplast genome. Polymerase 

chain reaction (PCR) was performed in thermal 

cycler to amplify the rbcL gene. Amplification of 

the rbcL gene was carried out in 20 µL reaction 

volume containing 1X PCR buffer, 2 mM MgCl2, 

0.2 mM dNTPs, 0.3 µM of each primer (Forward, 

5'-TTCCGATTCACCGGATCTTA-3' and 

reverse, 5’-ACTCATTGTTATAGCTGGAT-3'), 

1.25 units of DNA Taq Polymerase 

(MOLEQULE-ON, New Zealand), 100 ng DNA 

template and an appropriate amount of Milli-Q 

water. The PCR conditions were set as: initial 

denaturation of double stranded DNA at 94°C for 

4 minute, 35 cycles of 94°C for 30 second, primer 

annealing at 54°C for 1 minute, extension at 72°C 

for 1.5 minutes and after 35 cycles final extension 

at 72°C for 7 minutes. Amplified products were 

observed on 1% agarose gel and purified using 

column based PCR purification kit (MOLQULE-

ON, NZ). Purified products were sent for direct 

sequencing at MOLEQULE-ON (NZ). 

Sequence Editing and Alignment  

Basic Local Alignment Search Tool, Blastn [19] 

was performed to analyze each nucleotide 

sequence. Open reading frame, ORF [20] was 

performed to observe the putative conserved 

domain of the rbcL gene. The discrepancy 

present in nucleotide sequence was resolved by 

aligning forward and reverse primer sequences 

using Multalin software [21]. Nucleotide 

sequences were translated into protein using 

online available ExPASy translate tool [22]. The 

refined sequences were submitted to NCBI 
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(National Center for Biotechnology Information) 

Genbank to get their specific accession numbers. 

Phylogenetic tree reconstruction  

Phylogenetic tree was reconstructed by using 

each chosen outgroup. The model based Bayesian 

inference method was used to infer the 

relationship within Solanaceae. The best 

substitution model for almost all the 

combinations was found be Hasegawa, Kishino 

and Yano (HKY) as determined by JModelTest 

2.1.3 software [23]. The program BEAUTi [24] 

was executed to generate the xml. file which 

further executed in BEAST. MCMC chain length 

was set as 800,000 generations. Tree was 

screened at every 10,000 generations. The burn-

in value was set as 40.  

Tree topology  

All phylogenetic trees were carefully analyzed in 

order to examine the ability of different 

outgroups in resolving infrafamilial relationships 

within Solanaceae. Tree topology for every tree 

was monitored. Lineages and posterior 

probability value were taken into consideration 

for elucidating best outgroup species.  

Results 

The effect of different outgroups on the 

reconstruction of Solanaceae phylogeny was 

observed with the help of Bayesian approach. 

Different members (29) of family Solanaceae 

were taken to be included as ingroup, out of 

which 16 were collected and processed for 

downstream procedures while sequences of 

remaining 5 members were taken from online 

sources (GenBank). 40 species from different 

genus of closely and distantly related families 

were chosen as outgroup, out of which only 10 

species from closely related genera, result in 

resolving established subfamilial relationships 

within Solanaceae including one Solanaceae 

member Schizanthus. Sequence length and GC 

content of most of the outgroup species was 

constant as shown in (Table 3). Description of 

subfamilies, their lineage and different tribes as 

inferred by different successful outgroup species 

is given in (Table 4). Posterior probability (PP) 

value was used to signify the ability of each 

successful species to be chosen as outgroup in 

Solanaceae studies where below family level 

relationships are to be determined. Furthermore, 

tribal connections were also evaluated as 

mentioned in (Table 5). It was observed that five 

species of Cuscuta, one species of Convolvulus, 

two species of Evolvulus and one species of 

Humbertia were able to resolve the true topology 

of Solanaceae tree. One ingroup species 

Schizanthus pinnatus also resolved associations 

within Solanaceae. All potential outgroup species 

showed different branches of three subfamilies 

(Solanoideae, Petunoideae, Cestroideae), which 

further sub-divided into seven tribes (Solaneae, 

Capsiceae, Physleae, Datureae, Lycieae, 

Hyoscymeae, Cestreae). As Petunia is 

represented by only one member therefore a 

separate branch protruding tribe Petuneae can 

also be seen. Evolutionary lineage of subfamilies 

was observed to be as Cestroideae to Petunoideae 

to Solanoideae by most of the outgroup species as 

shown in (Table 4) except three Cuscuta species 

(Cuscuta gronavi, Cuscuta indecora and Cuscuta 

platyloba), which displayed the ancestry of 

subfamilies as Petunoideae to Cestroideae to 

Solanoideae. Evolvulus pilosus was seen to be 

best outgroup species among all other analyzed 

based on the tree topology and supportive 

probability value (Figure 1). The tree supports 

three subfamilies, eight tribes and their 

associations. All genera showed monophyletic 

clades and species of a represented genus are 

supported by strong probability value. Mostly the 

strong probability value (within the range of 0.9 - 

1) is seen to support the different tribes and 

subfamilies. In (Figure 2) displays different 

phylogenetic tress with successful outgroup that 

showed a resolved topology of tree. Only four 

trees are showed here to represent the topology of 

resolved trees by different outgroups. Most of the 

predictions regarding phylogenetic association in 

Solanaceae below family level are similar that are 

shown in (Table 4 & 5). Some of the unresolved 

topologies are also shown in (Figure 3) which 

demonstrate why some outgroup are not to be 

chosen in phylogenetic reconstruction. Almost all 

outgroups used in this study maintain the 

monophyletic status of genera however their 

influence to establish subfamilial and tribal 

relationships were different. Multiple taxa from 

same and different genus were also used to 

reconstruct the phylogeny of Solanaceae. It was 

observed that when taxa from different genera 

were used (Figure 4), a resolved topology was 

perceived. The tree showed the similar topology 

as observed by single outgroup member. 
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However when the different members of same 

genus were used, an unresolved phylogenetic tree 

was observed that only established the 

monophyly of genus (Figure 5).

  

Table 1. List of ingroup species with their location, voucher numbers and GenBank accession 

numbers 
S. # Genus Species Name Locality Voucher  # Accession # 

1 

Solanum 

Solanum nigrum 
Campus, University of 

Karachi 
G. H. No. 86479 JX996056 

2 Solanum tuberosum Gulshan e Maymar, Karachi G.H. No. 86582 KJ652187 

3 Solanum surattense 
Campus, University of 

Karachi 
G. H. No. 86480 JX996057 

4 Solanum melongena 
Campus, University of 

Karachi 
G. H. No. 86485 JX675575 

5 Solanum forskalii Dunal Safari park, Karachi G. H. No. 86534 KJ652200 

6 Lycopersicon esculentum L. 
Center for Plant Conservation, 

University of Karachi 
G. H. No. 86481 KJ652188 

7 Solanum torvum   KC535809.1 

8 Solanum dulcamara   HQ590279.1 

9 Solanum anguivi   JX511989.1 

10 Solanum seafortheanum    

11 
Capsicum 

Capsicum annuum L. NARC, Islamabad G.H. No. 86538 KJ652190 

12 Capsicum frutescens L. Shah Faisal colony, Karachi G. H. No. 86480 JX996068 

13 

Physalis 

Physalis divaricata D.Don 
Campus, University of 

Karachi 
G. H. No. 86474 JX996060 

14 Physalis alkekengi   U08617.1 

15 Physalis peruviana   FJ914181.1 

16 

Withania 

Withania coagulans(Stocks) 

Dun 

Center for Plant Conservation, 

University of Karachi 
G. H. No. 86484 KC291705 

17 
Withania somnifera (L.) 

Dunal 

Campus, University of 

Karachi 
G. H. No. 86476 JX996055 

18 

Lycium 

Lycium edgeworthii (Dunal) 
Center for Plant Conservation, 

University of Karachi 
G. H. No. 86533 KJ652191 

19 Lycium chinense   FJ914171.1 

20 Lycium ruthenicum   JF942340.1 

 Lycium shawii   KU757338.1 

21 

Datura 

Datura stramonium L. 
Center for Plant Conservation, 

University of Karachi 
G. H. No. 86475 JX996058 

22 Datura inoxia Miller 
Campus, University of 

Karachi 
G. H. No. 86478 JX996059 

24 

Cestrum 

Cestrum nocturnum L. 
Center for Plant Conservation, 

University of Karachi 
G. H. No. 86535 KJ652189 

25 Cestrum diurnum L. 
Center for Plant Conservation, 

University of Karachi 
G. H. No. 86532 KJ653359 

26 Cestrum aurantiacum   JX856311.1 

27 Atropa belladonna   U08609.1 

28 Hyoscyamus niger   HQ216125.1 

29 Petunia axillaris   HQ384915.1 
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Table 2. List of selected outgroup species with their classification and accession numbers  
Group Order Family Subfamily Genus Species Accession # 

Angiosperm 
Solanales 

Solanaceae Schizanthoideae Schizanthus Schizanthus pinnatus U08619.1 

Convolvulaceae 
Convolvuloidea

e 

Convolvulus 

Convolvulus arvensis AY100993.1 

Convolvulus 

kotschyanus 
KT596055 

Convolvulus 

glomeratus 
KT596047 

Convolvulus scindicus KT596046 

Convolvulus prostrates KT596045 

Cuscuta 

Cuscuta rostrata EU330263.1 

Cuscuta platyloba AJ320209.1 

Cuscuta indecora EU330274.1 

Cuscuta europaea AY101060.1 

Cuscuta gronavi AJ320207.2 

Ipomoea 

Ipomoea batata AY100962.1 

Ipomoea cairica KJ652199 

Ipomoea indica KJ773595.1 

Ipomoea purpurea 
NC_009808.

1 

Ipomoea pandurata KJ773596.1 

Dinetus Dinetus truncates AY101053.1 

Tridynamia 
Tridynamia 

megalantha 
AY101054.1 

Humbertia 
Humbertia 

madagascariensis 
AY101062.1 

Evolvulus 

Evolvulus nuttallianus KT178137.1 

Evolvulus sericeus KJ773505.1 

Evolvulus pilosus HQ384917.1 

Evolvulus glomeratus AY101012.1 

Jacquemontia 

Jacquemontia reclinata AY101040.1 

Jacquemontia 

blanchetii 
AY101039.1 

Jacquemontia 

sandwicensis 
AY101038.1 

Jacquemontia 

tamnifolia 
AY101037.1 

Jacquemontia 

pentantha 
AY101036.1 

Calystegia 

Calystegia sepium AY100992.1 

Calystegia macrostegia AY100991.1 

Calystegia pulchra KF997266.1 

Calystegia silvatica KF997298.1 

 

Calystegia soldanella KT626673.1 

Solanales 
Hydroleaceae 

 

Hydrophylloide

ae 
Hydrolea Hydrolea ovate L14293.1 

Solanales Montiniaceae ------------- Montinia 
Montinia 

caryophyllacea 
L11194.2 

Lamiales Acanthaceae Acanthoideae Thunbergia Thunbergia alata HQ384878.1 

 Scrophulariaceae 
Scrophularioide

a 
Scrophularia 

Scrophularia 

californica 
HQ384892.1 

Brassicales Brassicaceae ………….. Arabidopsis Arabidopsis thaliana AB917053.1 

Gymnosperm 
Cycadales Sycadaceae ----------- Cycus Cycus revoluta AY056556.1 

Pinales Pinaceae Pinoideae Pinus Pinus gerardiana AY115762.1 

http://dx.doi.org/10.19045/bspab.2019.80167
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Table 3. Sequence length and GC content of included outgroup species 
S. No. Name of species GC content % DNA length 

1 Schizanthus pinnatus 43.6 1408 

2 Humbertiama dagascariensis 44.1 1434 

3 Cuscuta platyloba 41.8 1399 

4 Cuscuta indecora 41.9 1307 

5 Cuscuta rostrata 42.6 1324 

6 Cuscuta europaea 43.8 1314 

7 Cuscuta gronavi 39.3 1931 

8 Convolvulus arvensis 44.7 1428 

9 Convolvulus kotschyanus 44.7 606 

10 Convolvulus glomeratus 43.4 970 

11 Convolvulus scindicus 43.4 1020 

12 Convolvulus prostratus 42.9 976 

13 Ipomoea batata 44.2 1333 

14 Ipomoea cairica 44.3 1443 

15 Ipomoea indica 44.6 1323 

16 Ipomoea pandurata 45.1 1309 

17 Ipomoea purpureae 43.8 1443 

18 Evolvulus nuttallianus 44.7 1461 

19 Evolvulus sericeus 44.0 1256 

20 Evolvulus pilosus 44.1 1308 

21 Evolvulus glomeratus 44.2 1408 

22 Jacquemontia reclinata 44.0 1351 

23 Jacquemontia blanchetii 44.6 1301 

24 Jacquemontia sandwicensis 44.1 1340 

25 Jacquemontia tamnifolia 44.5 1402 

26 Jacquemontia pentantha 44.4 1401 

27 Calystegia sepium 44.7 1424 

28 Calystegia macrostegia 44.6 1398 

29 Calystegia pulchra 41.5 1371 

30 Calystegia silvatica 42.7 1383 

31 Calystegia soldanella 44.8 1304 

32 Arabidopsis thaliana 44.1 1326 

36 Montinia caryophyllacea 43.4 1422 

33 Dinetus truncatus 44.9 1392 

35 Tridynamia megalantha_ 45.5 1370 

34 Hydrolea ovata 42.1 1414 

37 Thunbergia alata 44.4 1461 

38 Scrophularia california 42.9 1460 

39 Cycus revoluta 44.5 1402 

40 Pinus gerardiana 45.0 1413 
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Table 4. Successful outgroup species and their resolution at tribal level within Solanaceae  
   Tribes support with PP value (range 0-1) 

S. 

No. 

Name of 

outgroup 

species 

Subfamily 

Lineage 

Solaneae  

 

Capsiceae  

 

Physaleae  

 

Datureae  

 

Lycieae  

 

Hyoscymeae  

 

Cestreae  

 

1 
Convolvulus 

arvensis 
CE PE SL 0.87 1 0.91 1 0.99 1 0.98 

2 
Cuscuta 

europaea 
CE PE SL 0.97 1 1 1 1 1 0.98 

3 
Cuscuta 

gronavi 
PE CE SL 0.99 1 0.98 1 1 1 1 

4 
Cuscuta 

indecora 
PE CE SL 0.98 1 0.99 1 1 1 0.99 

5 
Cuscuta 

platyloba 
PE CE SL 0.99 1 1 1 1 1 0.99 

6 
Cuscuta 

rostrata 
CE PE SL 0.99 1 1 1 1 1 0.94 

7 
Evolvulus 

glomeratus 
CE PE SL 0.95 1 0.95 1 0.98 1 0.89 

8 
Evolvulus 

pilosus 
CE PE SL 0.98 1 1 1 1 1 0.91 

9 
Humbertiama 

dagascariensis 
CE PE SL 0.99 1 1 1 1 1 0.91 

10 
Schizanthus 

pinnatus 
CE PE SL 0.96 1 0.97 1 1 1 0.98 

Abbreviations defined: SL: Solanoideae, PE: Petunoideae, CE: Cestroideae 
 

Table 5. Tribal associations as inferred by different outgroup species 

 Tribal associations supported by PP value 

S. No. Name of outgroup species 
Capsiceae -

Datureae 

(Capsiceae –

Datureae)- 

Solaneae 

Hyoscymeae- Lycieae 

1 Convolvulus arvensis 0.42 0.57 0.85 

2 Cuscuta europaea 0.26 0.37 0.52 

3 Cuscuta gronavi 0.34 0.51 0.66 

4 Cuscuta indecora 0.28 0.38 0.41 

5 Cuscuta platyloba 0.34 0.56 0.65 

6 Cuscuta rostrata 0.4 0.59 0.84 

7 Evolvulus glomeratus 0.42 0.65 0.79 

8 Evolvulus pilosus 0.4 0.65 0.69 

9 Humbertiama dagascariensis 0.33 0.49 0.8 

10 Schizanthus pinnatus 0.48 0.72 0.96 
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Figure 1. A resolved phylogenetic tree of Solanaceae as inferred by Bayesian inference using 

rbcL chloroplastic marker. Evolvulus pilosus was used as outgroup. Numbers above 

branches signifying posterior probabilities 
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Figure 2. Resolved phylogenetic trees of Solanaceae as inferred by Bayesian inference using 

rbcL chloroplastic marker. (2a) Cuscuta europea (2b) Humbertiama dagascariensis (2c) 

Schizanthus pinnatus (2d) Convolvulus arvensis were used as outgroup. Numbers above 

branches showing posterior probabilities 
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Figure 3. Unresolved phylogenetic trees of Solanaceae as inferred by Bayesian inference 

using rbcL chloroplastic marker. (3a) Ipomoea batata (3b) Jacquemontia tamnifolia (3c) 

Dinetus truncatus (3d) Calystegia sepium were used as outgroup. Numbers above branches 

showing posterior probabilities 
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Figure 4. A resolved phylogenetic tree of Solanaceae as inferred by Bayesian inference using 

rbcL chloroplastic marker. Multiple taxa from different genera were used as outgroup. 

Numbers above branches showing posterior probabilities 
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Figure 5. An unresolved phylogenetic tree of Solanaceae as inferred by Bayesian inference 

using rbcL chloroplastic marker. Multiple taxa from same genus Convolvulus were used as 

outgroup. Numbers above branches showing posterior probabilities 

 
Discussion 

The choice of outgroup species in phylogenetics 

is very critical. An incorrect outgroup may 

mislead the inference of hypothetical taxonomic 

relationships and character evolution. In the 

current study, effort was made to highlight the 

effect of different outgroup in Solanaceae 

phylogeny. Outgroup taxa from the closely 

related family Convolvulaceae and distantly 

related families Montiniaceae, Acanthaceae and 

Scrophulariaceae were included in the study. 

Taxa from Gymnospermic families like 

Cycadaceae and Pinaceae were also taken into 

consideration to observe their effect. 

Phylogenetic relationships of the Solanaceae 

were examined using chloroplastic gene, rbcL for 

29 species. In Pakistan, Solanaceae is represented 

by 52 species [14], out of which 29 have been 

presented in the current study. Most of the 

ingroup species were freshly collected and used 

in further downstream procedures however, for 

outgroup taxa, mostly the sequences were 

retrieved from online available databases. The 

chloroplastic rbcL gene was selected to infer the 

subfamilial relationships within Solanaceae as 

this gene has proven ability to resolve the 

associations at various taxonomical levels [25-

29]. The selection of outgroup in phylogenetic 
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reconstruction is very important and critical, as 

the wrong choice can mislead the associations at 

each taxonomic level. Previously, different 

studies have demonstrated the usefulness of 

single or multiple taxa as outgroup and their 

effect on tree topology and branch length [11, 30-

33]. Outgroups were selected from different 

genus of sister family Convolvulaceae. From a 

particular genus, 5 species were chosen as 

outgroup. Represented members of other close 

families like Hydroleaceae and Montiniaceae 

were also chosen. Members from other orders 

like Lamiales, Brassicale and other 

Gymnospermic members were also evaluated. In 

the present work, almost all the reconstructed 

trees established a monophyletic branch for one 

genus species however, many of the subfamilies 

and tribes within the family do not form 

monophyletic clades by using different outgroup 

taxa. Sequence length and GC content of plant 

species used in phylogenetics play very 

significant role [34-36], care was taken while 

choosing outgroup species for the current work 

for these parameters. Out of 40 species, 10 

outgroup species resolved the tree topology that 

was congruent with the already established 

relationships at subfamilial level [37-39]. Among 

those, Evolvulus pilosus may be said the best 

outgroup because it resolved the associations 

between genus, tribes, and subfamilies within 

Solanaceae that was already defined by previous 

morphological and molecular studies. The 

lineages established by the most successful 

outgroups suggest the evolutionary pattern within 

Solanaceae is Cestroideae to Petunoideae to 

Solanoideae. This hypothesis is also 

corresponding to the previous studies [38]. Three 

members of Cuscuta genus, C. gronavi, C. 

indecora and C. platyloba suggest that 

Cestroideae is evolved from Petunoideae, 

however, no evidence has been reported yet to 

support this hypothesis. The Bayesian inference 

method uses a posterior probability (PP) value to 

support the existence of a relationship between 

organisms [40-42], therefore the high probability 

value was considered to truly define the 

connections within Solanaceae. The 10 outgroup 

species presented in Table 4 resolved the tree 

topology in such a manner that the PP value was 

at the strongest side (~0.9 - 1). Other findings also 

suggested the significance of probability value in 

character based phylogenetic methods [41]. The 

ten successful species in the current work 

represented 7 tribes in the Solanaceae for the 

included species. A single species tribe Petuneae 

can also be observed in those analyses. The 

existence of these tribes are in agreement with the 

previously reports [37-39]. Furthermore, tribal 

associations were also assessed in the light of 

earlier findings. This work also observed the 

same arrangement of tribal connections in the 10 

outgroup species tree where Capsiceae closely 

related to Datureae and to this clade Solaneae is 

associated while Hyoscymeae connected to 

Lycieae.  

Various combinations of outgroups were also 

assessed for their suitability and effects on tree 

topology were examined. It was observed that the 

tree reconstructed with various combination of 

outgroup species from different closely related 

genera was able to resolve the relationships. The 

tree that uses multiple outgroup from same genus 

did not establish the proven associations within 

Solanaceae. Previous reports observed the same 

findings on different groups. However, it can be 

said that the capability of single outgroup is found 

to be as strong as the combination of outgroup 

species.  

Conclusion 

The present study established that every taxon 

has different ability to resolve the phylogenetic 

relationship for a defined ingroup species even if 

it is taken from the same genus. This competency 

of outgroup species depends mainly on its genetic 

code. The closeness of the outgroup member with 

the ingroup taxa both morphologically and 

genetically may be use to define the taxonomical 

connections. The capability can also be 

determined by strong probability or bootstrap 

value. However, ingroup topology was found to 

be sensitive to outgroup choice and increasing 

taxon sampling within the Solanaceae can result 

in more robust phylogenies. 
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